Recently, the number of elderly people who take medicines daily has been increasing due to the aging population. Because elderly persons tend to experience cognitive deterioration, some may have difficulties in complying with their medication regimens. Therefore, we propose a new fuzzy-based inference algorithm to assist caregivers by providing them with remote monitoring capabilities. In this study, we developed an intelligent living environment with radio frequency identification (RFID) readers to detect when a person inappropriately self-administer medications with meals or drinks, for which coadministration is contraindicated and would decrease beneficial effects of the medicines or produce serious adverse effects. In the laboratory, RFID readers were strategically placed in a novel intelligent medicine case and around the kitchen. The readers recognized RFID tags affixed on objects such as medicines, foods, beverages, and drinking vessels. A wireless device with flow sensors was also placed in the kitchen unit to measure tap water consumption. Our experiments confirmed that based on the proposed algorithm, the system was able to recognize the presence of objects and usage of tap water, and to detect a typical contraindicated coadministration of a medication with a particular food product. The results indicate the potential of the system to directly alert caregivers by using the intelligent medicine case, in order to prevent inappropriate medication administration.
Introduction

Telemonitoring support systems
In advanced countries, the number of elderly people who take medicines has been increasing because of the aging population. Most elderly people take medicines daily to maintain good health, but many often forget to take their medicines because of cognitive deterioration. According to a report of a pharmaceutical corporation, medication compliance was approximately 78％ worldwide and approximately 66％ in Japan z1|. Noncompliance diminishes the primary effects of the medicines, increases the risks of adverse effects, and could lead to sudden death. Therefore, caregivers such as family members, pharmacists, and visiting care workers check whether the elder persons have taken proper medications in proper amounts and at the right time.
Caregivers must make home visits or phone calls to check whether the medication recipients are following their medication regimens, but these procedures require much time and effort. According to a Japanese government survey, the percentage of family units consisting of only elderly people was approximately 45％ in 2010, and the percentage will continue to increase over the next several decadesz2|. Therefore, a shortage of caregivers is a serious problem in aging societies. Consequently, remote monitoring support is very useful because the caregivers only have to visit or call to prevent dangerous accidents when the telemonitoring support system detects that a recipient is not taking medication properly.
To comply with medication regimens, medication recipients must take their medicines in accordance with doctorsʼ instructions z3-6|. Table 1 shows important information described on the prescriptions. If recipients consume wrong medicines or inappropriate amounts, they are at a very high risk of experiencing a serious casualty z3|. In general, a mistake in medication intake time (such as taking before eating breakfast) or medication intake method (such as not taking with tea) does not put the recipients at high risk z3|. However, coadministration with particular incompatible medicines, foods, or drinks is contraindicated for some medications. For example, the beneficial effect of calcium antagonists will decrease if the medicines are taken with grapefruit products z4|. To prevent serious mistakes, caregivers should confirm three characteristics of the medicines : the type, quantity, and any contraindication for coadministration. A medical report pointed out that medication recipients forget more than half of the information after hearing a verbal explanation z5|. Therefore, it is important to inform medication recipients that the system detects careless mistakes and to instruct them repeatedly.
Some telemonitoring support systems have been developed for assisting caregivers in checking on recipients from any locationz7-10|. For example, a motebased medical system was developed at the Nanyang Technological University z7|. This system can confirm whether a recipient has opened the cover flap of a medicine case at the specified time based on information gathered by sensors in the medicine case. Meanwhile, we have also developed a telemonitoring support systemz10|. This system can confirm whether a recipient has picked up medicine from the correct compartment of a medicine case at the right time, using a camera in the medicine case and sensors in the house.
RFID technologies
Caregivers need to confirm whether a recipient takes a dose from an appropriate storage space at the appropriate time. In addition, the caregivers should pay attention to contraindications for coadministration. Our conventional system can detect whether a recipient took a dose from a wrong compartment or at a wrong time by image processing and behavior recognition, but the system cannot detect contraindicated coadministration. Therefore, we hypothesized that some objects in recipientsʼ homes should be recognized to detect fatal coadministrations.
Since the 2000s, radio frequency identification(RFID) has become popular for supply chain management and object recognition z11-18|. This technology enables an RFID reader to instantly scan a large number of RFID tags affixed to objects in a given space. Therefore, it is likely that RFID tags will be widely used in place of linear and matrix barcodes in the near future to ensure product traceability. We assume that RFID readers will be installed in ordinary household products because the tiny memory within a tag can hold important information such as the time when the object should be used z19, 20|. Therefore, we attempted to use RFID technology to detect contraindicated coadministrations.
RFID technology is also used for behavior recognition at homez21-23|. The Gator Tech Smart House developed by the University of Florida has a smart front door that recognizes residentsz21|. In addition, each power outlet is equipped with an RFID reader, so that the Smart House can recognize which device a resident is using. Mori et al. z22|used RFID technology to distinguish similar human behaviors based on the presence of objects. For example, in the case of reading, there is probably a tagged book on a reader-embedded desk. However, these research efforts did not mention any algorithm for detecting undesirable usage combinations of objects.
Several systems using RFID technology for medication management support have been reported z24, 25|. RMAIS developed by the University of Central Florida is one of the most famous systems. This system has an RFID reader to recognize the type of medicines, a scale to recognize the quantity of medicines, and a monitor for direct support. However, the milligram scale is expensive. Furthermore, RMAIS is designed for bottled medicines, but medicines in single-dose packages are more common in several countries including Japan. Therefore, we aimed to develop a new system without a scale which is suitable for individually-packaged medicines.
Purpose
As mentioned above, a telemonitoring support system needs to detect mistakes in coadministration to prevent the occurrence of serious accidents. We focused on the potential of RFID technology and conceived a new system utilizing RFID readers and tags. The system detects improper coadministration based on the recognition of tagged objects such as medicines, foods, beverages, and drinking cups.
In this paper, we propose an original fuzzy-based algorithm for detecting when an object has been taken inappropriately and informing recipientʼ s caregivers of the mistake. We installed the new system in our experimental room and evaluated the usefulness of the algorithm through experimentation. RFID readers were placed around the kitchen and RFID tags were affixed to objects in the room. We also developed a new intelligent medicine case with an RFID reader that recognizes medicines in their storage space. Finally, we discuss the practical limitations of the system.
System Configuration
Required specifications
To detect improper combinations, the system should recognize the type of medicine that a recipient takes from a medicine case. The first model of our intelligent medicine case had a camera to detect medicines in their storage space, but it was not able to recognize the type of medicine. Therefore, we developed a new intelligent medicine case with an RFID reader because information about medicine type can be stored in the tiny memory of an RFID tag.
To detect dangerous combinations with specific foods or beverages, the system should recognize them when they are present in the recipientʼs home. In our previous works, we established a home sensor network using wireless devices in our experimental room. However, the network can measure only a personʼs position and usage of home appliances. Therefore, we distributed RFID readers around the kitchen for object recognition. Since the recipient might take medicine with tap water, wireless devices were installed to recognize the usage of kitchen Takuo SUZUKI, et al : Medication Monitoring System Using RFID （107） faucets.
Medical doctors will never prescribe dangerous drugs that may cause sudden deaths, but they regularly prescribe drugs with intermediate risk, such as antihypertensives. If taken improperly, drugs with intermediate risk can significantly worsen recipientsʼ health. The system should be able to inform caregivers of the danger when inappropriate medications are detected. Caregivers who receive notifications from the system will respond effectively, such as rushing to recipientsʼ homes and making phone calls to recipients.
In the Japanese health insurance system, a pharmacist can visit a patientʼs home for not more than four times per month. Therefore, visiting pharmacists have difficulties to manage foods and drinks in the patientʼs refrigerator. Furthermore, the frequency of visits should be reduced because the cost of instructing a recipient on proper medication use increases with increased number of visits. Recipientsʼfamilies may be able to visit daily, but they do not have expert knowledge. Double-checking by the system is beneficial. Figure 1 shows the system configuration. The system consists of an intelligent medicine case, RFID readers, wireless sensor devices, and a database server. The medicine case, named iMec, recognizes tags affixed to medicine packages. Readers are placed around the kitchen to recognize tags affixed to foods and drinks. Sensor devices are placed all over the house such as at the refrigerator door to detect use of home furnishings, lifeline utilities, and electrical appliances. The server sends emergency e-mails to caregivers who can remind the recipient of his/her careless mistakes and encourage good adherence to medication. The server also provides web-based user interfaces, so that the caregivers can check the latest compliance status anytime. The server accumulates changes of medication condition as part of the medication history. The history is objective information on medication and can assist doctors in determining the treatment policy with the recipient.
System components
The assumed operational procedure of the system is explained below. First, the recipientʼ s caregiver stocks the medicine case with RFID-tagged individually wrapped medicines for one week, and enters the recipientʼ s prescription data into the system. The RFID readers measure the presence of foods, drinks, and drinking vessels, and send results to the medicine case through the RFID controller. The sensor devices measure the recipientʼs position and the usage of kitchen faucets, and send measured data to the medicine case. The recipient takes a dose from the medicine case regularly, for example, three times a day. When the recipient picks up a dose of medicine, the medicine case recognizes the medicine and evaluates whether it is being used correctly based on the prescription data. The system sends e-mails if the medicine usage does not fall within the parameters preset by the caregiver.
Confirmation Algorithm
Production rules
If an RFID reader detects an RFID tag on an object, the system registers the presence of the object near the reader. Further, the system identifies the object at once from the identification number of the tag. We are certain that the appropriateness of a combination of a particular medicine and another medicine, food, or drink can be evaluated based on the information gathered by the readers. For example, when a milk package is picked up from the refrigerator, it is assumed that the recipient is taking medicine with milk.
To maintain good compliance with drug treatment, a recipient must not take an essential medicine within a given time interval before and after the recipient takes an incompatible medicine, food, or drink. For that reason, we consider two situations, as shown in Fig. 2 . First, a recipient takes a medicine after moving a high-risk object. Second, a recipient takes a medicine before moving a highrisk object. Therefore, the system needs two kinds of Advanced Biomedical Engineering. Vol. 3, 2014. production rules to detect bad combinations. In the first situation, the system determines that a recipient is in danger if he/she takes medicine A within X h after taking object B. In the second situation, it determines that a recipient is in danger if he/she takes object B within Y h after taking medicine A. Because a larger number of medicines are incompatible with many other medicines, foods, and drinks, multiple production rules can be activated at the same time. All production rules can be sorted in the order of priority for each rule, and the searching process can be stopped the first time an object recognized by RFID readers corresponds to the premise of a rule. However, in this study, the system searches all the rules and records all the risks on the server to store careful medication histories.
Advanced production rules
Using the above rules, the system can inform caregivers whenever a recipient picks up a particular medicine within a dangerous time interval. We are concerned that some caregivers might perceive the system as annoying if they receive many emergency e-mails. Therefore, we propose an advanced detection method so that all caregivers can receive emergency e-mails according to their own preference ; a caregiver may prefer fail-safe remote monitoring support, and another caregiver may want to be notified only in the case of very dangerous medication.
The seriousness of a bad combination changes related to the time elapsed between taking one object and taking another object. It is presumed that the seriousness reaches a maximum if very little time has elapsed between the moment a recipient takes a medicine and the moment when an incompatible object is moved. Conversely, the seriousness will decrease when the elapsed time increases. Accordingly, the degree of the risk of each combination can be expressed as a pair of triangle-shaped fuzzy functions, as shown in Fig. 3 . We define the time when a recipient picks up a medicine from the medicine case as the baseline time (i.e., 0.0 h) and set the maximum value of each function at 1.0. Naturally, we set the minimum value of each function at 0.0.
If the grade of either function exceeds an arbitrary threshold preset by a caregiver, the system sends emergency e-mails to the caregiver. A medical doctor instructs a recipient about which medicines, meals, and drinks are incompatible within a given timeframe of taking a particular medicine. We therefore assign a grade of 0.5 at the given time and a grade of 0.0 at twice the given time for every function. This means that the system has stored the doctorʼs judgment criterion if a caregiver sets the threshold at 0.5. This index makes it easier for caregivers to control the value. The system has a fail-safe judgment criterion compared to the one provided by the doctor if a caregiver sets the threshold at less than 0.5. A setting at almost 0.0 implies a monitoring level that is approximately twice as safe as the doctorʼs criterion.
Fuzzy inference rules
Additional fuzzy rules to detect inappropriate combinations with beverages are required because a recipient turns on the faucet in the kitchen not only for taking medicines but also for washing dishes and other purposes. Similarly, when a recipient picks up a wine bottle, it is likely that the recipient is attempting to take medicines with wine, but it is also likely that he/she is just cooking with wine. The system recognizes beverage packages by RFID readers and recognizes the condition of kitchen faucet by sensor device. It is assumed that the recipient fills a commonly used glass with an almost constant quantity of a beverage in an almost constant time after picking up the glass to take medicine. Thus, the system can determine whether a recipient is taking medicine with a particular beverage based on the identification number of the drink container. In the case that a recipient uses tap water, the system can also use data about the quantity of water used.
We used a fuzzy inference method, which is an instance-based reasoning, to calculate the adequacy of the elapsed time and the quantity used. As shown in Fig. 4 , the shapes of two fuzzy sets representing a reasonable time and a reasonable quantity can be obtained based on the frequency of learning instances. The baseline time of judgment is the time when the recipient picks up a commonly used glass. The mean of frequency distribution μ corresponds to the center of each fuzzy set, and the standard deviation σ corresponds to the width of each fuzzy set. For a fuzzy set, we set a grade of 0.5 at the time : mean plus and minus α times the standard deviation (μ±α×σ), where the parameter α is a positive decimal number. In this study, it is fixed at 2.0 to narrow the normal range of the time and quantity. The system strictly confirms the usage of tap water. Each fuzzy inference rule calculates the possibility that a recipient is taking a medicine with a specific beverage based on the lower degree of fitness of two fuzzy membership functions : time and quantity. If the output of a rule is above a given threshold, the system determines that the recipient is taking a medicine with the corresponding beverage. Caregivers can control the safety level of monitoring by changing the value of the threshold ; a higher value means a safer judgment criterion. The above algorithm can be regarded as failsafe because the usual time and quantity are calculated per recipient and are only deemed as normal.
Learning instances are necessary for creating fuzzy functions, but they can be obtained only after several executions by the recipient of picking up a commonly used glass from the cupboard and fills it with tap water. Because the distance from the cupboard to the kitchen unit is constant, the measured time can be used for similar glasses. Therefore, the system does not need to measure the elapsed time for all glasses. The measured quantity can also be used for similar glasses because the consumed quantity is related to the size of glasses. The system targets recipients who can pick up a medicine packet and tear it open. Therefore, they certainly will repeat the above actions.
Integration rules
In this study, we considered two dangerous levels : low and high. Low level means the system cannot affirm that a recipient is taking a medicine with an appropriate object, and high level means the system can determine that a recipient is taking a medicine with an inappropriate object. Therefore, the system detects contraindicated coadministration based on positive and negative if-then rules. Table 2 shows an example of integration rules. If the output of the fuzzy inference rule "the recipient takes it with water" is true and the output of the advanced production rule "the recipient takes it with milk" is false, the system concludes the recipient is in a safe situation. If the output of the fuzzy inference rule "with water" is false and the output of the advanced production rule "with milk" is true, the system concludes the recipient is in a high-risk situation. If there is a discrepancy between the outputs, the system estimates the recipient is in a low-risk situation. The caregiver will be notified only for high-risk situations if the caregiver chooses a moderate mode and will be notified for both risky situations if the caregiver chooses a fail-safe mode.
The entire procedure of the proposed algorithm when a caregiver chooses the moderate mode is illustrated in Fig. 5 . First, the system evaluates the medication time when a dose is picked up from the medicine case. If the time is outside the appropriate time interval, the system sends e-mails immediately. Second, the system evaluates whether the recipient takes the dose ( 1 ) without tap water and ( 2 ) with a risky object. If both are true, the system sends e-mail. The system keeps a processing record each time as a part of the medication history.
Object categorization
Because a list of combinations is a huge volume of complicated information, recipients may not be able to pay attention to all risky combinations. For that reason, pharmacists usually instruct recipients, "do not take this medicine with foods containing grapefruit" for recipients with adequate cognitive ability, or "do not take this medicine with foods containing citrus fruit" for recipients without adequate ability. In other words, pharmacists provide different explanations according to recipientsʼ cognitive ability to understand instructions. Therefore, the system should recognize objects and their categories, in order that caregivers can control how strictly risky combinations are detected.
The above function can be implemented by two methods. The first method records category information in the tiny memory of each tag. The second method records category information in the huge storage of a server. We decide that the latter is reasonable because the system can be built using cheaper tags and the informaAdvanced Biomedical Engineering. Vol. 3, 2014. Table 2 Fig. 5 Flow chart of proposed detection algorithm. tion can be managed by remote control.
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Implementation
We developed a new intelligent medicine case with an RFID reader, as shown in Fig. 6 . The case is made of plastic boards and resembles a popular medicine organizer in shape. The weight of the medicine case is approximately 3.8 kg, which may be heavy for elderly people but reasonable for caregivers to carry and replace. The width, depth, and height of the medicine case are 32 cm, 28 cm, and 18 cm, respectively, somewhat bigger than normal medicine cases.
The RFID reader consists of an antenna and a controller. The custom-ordered antenna (no model number, Art Technology) that fits the height of the medicine case is placed vertically at the back. The highpower controller (ASI4300/M3C, Art Technology) is placed in the bottom. The operating voltage of the controller is 5 V, the power is 3 W, and the frequency is 13.56 MHz, i.e., high frequency (HF) band. The reader can recognize every tag in each storage compartment of the medicine case because the scanning range is approximately 30 cm. We have also embedded a compact computer (Aspire R3600, Acer) to handle the reader and a transceiver (XBee Explorer, Sparkfun) to communicate with wireless sensor devices. Incidentally, an external monitor can be connected to the computer by a USB cable in order to provide direct support for the recipient in the future.
Most commercial medicine cases have 28 compartments for stocking medicines for a week. The new medicine case also has 28 spaces (7 days × 4 times : breakfast, lunch, dinner, and bedtime). Caregivers restock medications into the spaces once every week. Actually, the storage compartments are composed of a portable cartridge, so caregivers can restock by replacing an empty cartridge with a full cartridge. We used the storage compartment of a commercial medicine case as the cartridge. Each storage space has a rounded bottom to facilitate recipients to take out a dose of medication. We distributed 11 custom readers (no model number, Art Technology) in the refrigerator, on the cupboard, and on the kitchen unit in our laboratory. Table 3 lists the installed locations. Figure 7 shows the readers on the main shelf of the cupboard, the shelves of the refrigerator, and the bottom of the drawers.
Since almost all the readers were placed close to each other, interference of their detectable ranges would occur if they scan at the same time. Thus, we used an RFID controller (no model number, Art Technology) that can switch readers. The controller activates each reader for approximately 0.1 seconds, and takes approximately 1.1 seconds to scan all the readers. The time lag was sufficient to prevent the interference. Furthermore, the controller regulates the power supplied to the antenna of a reader, depending on the size of its assigned range. RFID systems that can manage the scanning timings of readers using controllers have become available, and the proposed detection algorithm can run on such systems.
In related studies, readers were placed on movable furniture such as the dining table. In this study, they were placed only on stationary furniture. Therefore, our system is comparatively easy to install and seldom creates problem to recipients because of the cables.
As shown in Fig. 8 , we used four types of RFID tags : a mini type (MiniTrack, UPM), a waterproof type (TagIt HF-I, Texas Instruments), a transparent type (RaceTrack, UPM), and a standard-sized type (ICODE-SLI, PHILIPS). The mini tag is suitable for small objects such as eggshells. The waterproof tag is used for reusable objects such as dishes. The transparent tag is used for plastic medicine packages. We used the normal tag for other objects because it is inexpensive and sensitive. Incidentally, objects that are difficult to affix tags, such as tomatoes, can be placed in a plastic bag with a normal tag.
RFID tags were pasted on milk and natto containers because the effectiveness of medicines is remarkably diminished if a recipient takes antibiotics with milk or takes anticoagulants with natto.
As shown in Fig. 9 , a wireless sensor device was placed in the kitchen unit. The device was composed of a microprocessor (Arduino Fio, Sparkfun), a wireless module (XBee Chip Antenna, Sparkfun), and two flow sensors (ND10-NATAAA, Aichi Tokei Denki) on the hot and cold water pipes. Each sensor outputs a three-volt pulse according to the quantity of tap water that a recipient is using. The processor counts the number of pulses generated by each sensor in a given time, determines whether the tap of each pipe is turned on based on a threshold, and transmits the results to the medicine case. Each sensor generates a small number of pulses, even when the tap is turned off ; i.e. the threshold provides a standard for noise rejection.
We verified that the device can measure the volume of tap water used. We checked the number of pulses when the faucet of the cold water faucet was turned on fully. The sensor outputted approximately 28 pulses per second and the calculated volume corresponded to the actual volume(224 ml = 28 pulse × 8 ml/pulse). We also checked that the number of pulses increased in proportional to the volume of tap water used.
Experiments
Object recognition
We conducted preliminary experiments to check the operation of readers placed in the medicine case and in the kitchen. The experimental method is as follows. We asked five subjects (healthy university students with ages ranging from 22 to 25 years) to pick up an object (Pick task) and replace the object (Place task) 20 times. We also asked them to use four objects : a mug, a milk package, a natto package, and a medicine package. In the experiments, the single-dose package was made up of one yellow mint candy, two white mint candies, and a plastic bag with a transparent tag. Object recognition was judged to be successful if a reader was able to recognize an object after the first scan.
The system was perfectly able to detect the mug, the milk, the natto, and the medicine during the Pick task. However, the recognition rates of the objects during the Place task were 72％, 78％, 98％, and 97％, respectively. The reason for the low rates was that a reader failed to recognize an object when the tag on the object was vertical to the reader.
To detect contraindicated coadministrations correctly, the system must recognize the objects with almost 100％ accuracy ; therefore, we pasted additional tags. Three tags were affixed at right angles to each other on each object to allow easier recognition of the objects by the readers, because magnetic flux lines generated by the readers would pass through at least one of three tags on the objects. Because liquids decrease the intensity of magnetic fields, three tags were affixed to three surfaces that are most likely to be near the readers, such as the bottom of a liquid-containing package. Additionally, an anti-magnetic sheet was placed between a tag and a water-related object. A 3D tag has already been proposed, but the system did not need to recognize object orientationsz26|.
We conducted further experiments according to the previous procedures after changing tag distribution. The recognition rates of the objects during the Place task were 100％, 100％, 100％, and 97％, respectively. The rates were clearly improved for every object except the medicine. Because we could not improve the power of the RFID controller in the medicine case, the rate for the medicine did not change. Nevertheless, by using the above modifications, the system was able to recognize a liquidcontaining milk package without any mistake even when Advanced Biomedical Engineering. Vol. 3, 2014. all three tags were far from the reader surface on which the object was placed.
Moreover, we also used a 1000-ml milk carton in addition to a 500-ml milk carton to check the difference in object size, and a drinking glass in addition to a mug to check the difference in object material. The system correctly recognized the two new objects regardless of size and material. We consider that the difference in object shape does not cause critical problems if three tags are affixed to every object. If an object has a shape that it is difficult to affix three tags, it can be placed into a plastic bag or a container with three tags.
Water usage recognition
We tested how much tap water a recipient usually runs into a commonly used glass. We asked each of the five participants to fill a glass with tap water 20 times. The system created a fuzzy function related to the quantity of water based on the learning instances for each participant. Table 4 shows the calculated parameters of fuzzy membership functions to evaluate the adequacy of the volume used. The system was able to distinguish between filling a glass from hand-washing (average : 1791.8 ml, standard deviation : 888.3 ml). If caregivers set the threshold of fuzzy inference to 0.5, the accuracy of the distinction was 0.97, the precision was 0.96, and the recall was 0.98. However, the system could not recognize water usage for taking medication when a participant filled a glass with tap water shortly after washing dishes.
The system measured the time between taking a glass and filling with tap water to detect the usage of tap water for taking medication. The experiments were conducted under the condition that a commonly used glass was stocked in the cupboard. Table 5 shows the results of the elapsed time measurement. The mean and standard deviation of participant C were higher than the othersʼ because he sometimes took food out of the microwave oven after taking the glass. Participant B used almost the same quantity of tap water to wash his hands after going to the toilet, but there was a clear difference in the elapsed time. For that reason, the precision of the distinction improved from 0.96 to 1.00 by fuzzy inference based on quantity and time criteria.
Improper coadministration detection
Finally, we conducted experiments to evaluate whether the proposed algorithm can detect contraindicated coadministrations correctly. The experimental method is as follows. We asked each of the five participants to live in the single room embedded with readers and sensor devices for eight days. We also asked them to eat meals three times a day and to sleep once a day. The experiments were conducted in accordance with the ethical principle of Helsinki Declaration, and informed consent was obtained from each participant.
In the experiments, the participants played the role as recipients who took anticoagulant every morning. In the experiment, white mint candies were used to simulate real medicines. Two yellow candies were also stocked in each storage space for breakfast, lunch, and dinner. Two natto packages with a variety of foods and drinks were placed in the refrigerator. We selected the improper combination between anticoagulant and natto as a typical contraindicated coadministration because it frequently occurs in Japan and the adverse effect is serious. Medical doctors generally instruct patients not to eat natto within three hours after taking the medicines. Consequently, we set the time factors X and Y of the advanced production rule at 3.0 hours and the threshold at 0.5 as a normal standard.
Every participant picked up a natto package and ate the natto with the risky medicine within the dangerous time range. The system detected the mistake as a highrisk situation based on the advanced production rule, because the medicine was picked up from 2 to 13 minutes after the natto package was picked up. We received an email when a mistake occurred, but we never received false reports from the system during the experiments. Therefore, the system did not make any false-positive or false-negative decision. In the experiments, we attempted to detect only the case of anticoagulant and natto as a typical example of risky coadministration that takes place at home. However, we assume that other improper combinations of medicines with foods or medicines with bottled drinks will likewise be detected.
We also checked the usage of tap water. Each participant took a dose of medicine 24 times during the experiment. The medicine can be taken with soft drinks, but all the participants took them with tap water. The system recognized that a participant took a dose with tap water 116 times out of 120 times, and made four false decisions. They were caused by deviation from the normal elapsed times. However, the incidents were classified as a low-risk situation, and the system did not Takuo SUZUKI, et al : Medication Monitoring System Using RFID （113） Table 4  Table 5 send emergency e-mails.
Discussion
As an experimental outcome, we concluded that the system was able to detect typical improper coadministration. It increases the feasibility of preventing careless inappropriate medications by alerting the caregivers using the intelligent medicine case. However, many problems for practical application remain because the above experiments were conducted under controlled conditions. One problem is that a recipient does not always live alone at home, and the system must discriminate between a recipient and other residents to determine whether the recipient is executing a dangerous coadministration. The identification numbers of tags affixed to personal objects can be used to solve this problem.
Another problem is that although rare, a recipient may drink water directly from a faucet instead of filling a glass with water. Our rigid assumption for fuzzy inference is that a recipient always uses tap water in a glass to take medication. We hope that the assumption is acceptable, but it is one of several uncertainties. Therefore, we will improve the flexibility of the proposed algorithm. The system can detect improper coadministration using the RFID system when a recipient uses water from a water jar or bottle to take medication. Since drinkable water is stored in a container, the water must be used only for drinking and not for washing dishes. In this case, the proposed algorithm works readily ; the processing stage of fuzzy inference is skipped. Altogether, we attempted to recognize water usage for medication in a difficult condition in this study, the system was able to recognize it with high accuracy. Water dispensers are becoming popular in wealthy countries. We are certain that the system can recognize water usage by using an electric water cooler with a flow sensor.
Considerable expense is required to install the proposed system. It would be difficult to install the system in an ordinary home at present, but we expect it will be installed in high-end rental apartments for the aged in the near future. A lease contract of the system will reduce the financial burden compared with purchasing the system, and the monthly expense can be included in the rental payment. RFID readers and tags are expensive at present, but their prices have certainly been decreasing. Besides, they can be used for other applications such as dietary management and fall detection. Consequently, the actual cost of installing the system will decrease.
Conclusions
In this study, we proposed a new algorithm based on fuzzy logic to detect inappropriate combinations of taking a particular medicine with other medicines, foods, or drinks. We developed a novel intelligent medicine case with an RFID reader and created an intelligent environment with RFID readers in the laboratory to evaluate the usefulness of the algorithm. Using the strategically placed readers, the system was able to recognize the movements of objects affixed with RFID tags and the identification numbers of the tags. We also placed a sensor device in the kitchen unit to recognize the usage of tap water based on the quantity used and the time elapsed. Experiments confirmed that the system was able to detect improper medication use.
Future studies will include exploration of techniques to enhance the flexibility of the algorithm. Meanwhile, we will consider integrating the proposed algorithm with our other algorithms to comprehensively record recipientsʼ medication history. Although the system may prompt a recipient to maintain good adherence, details of how the system assists a recipient should be evaluated. Long-term experiments on elderly recipients in actual living environments will be undertaken to verify the usefulness of the algorithm and to understand unforeseen problems.
